Introduction
The world's first clinical pancreas transplant was performed, simultaneously with a kidney graft, in 1966 at the University of Minnesota. The frequency of pancreas transplantation has increased as the results have improved such that over 22,000 pancreas transplantations have now been performed in the US, with almost 1,400 transplants in 2006 in the US [1] . The purpose of the review is to summarize the types of pancreas transplants, timing of transplantation, its impact on patient survival and preexisting diabetic complications, and surgical as well as immunosuppressant drug complications.
Types of Pancreas Transplantation
Pancreas transplants are done in three different categories of diabetic recipients, classified according to their kidney function. 72% of pancreas transplants are performed as simultaneous pancreas-kidney transplants (SPK). Since 1996, there has been a relative increase in pancreas after kidney transplantation (PAK) and pancreas transplants alone (PTA) but these numbers started to decline in 2004.
Seven percent of pancreas transplants are performed as PTA which is generally reserved for patients in whom glucose control is extremely difficult to achieve and suffer from frequent episodes of life-threatening hypoglycemia [2] . Patients with a GFR of ! 80 ml/min will be sensitive to the nephrotoxic immunosuppressive drugs and are likely to need a kidney transplant in the future [3] .
PAK accounts for 17% of all pancreas transplants and involves transplantation of a pancreatic graft into a recipient with a well-functioning living or deceased donor kidney allograft. The benefits of PAK compared with SPK include the option of transplanting a kidney from a living donor [4] . The main disadvantage of PAK transplants is that the long-term pancreas graft survival rates remain lower than SPK ( fig. 1 ). This difference is likely due to immunologic pancreas graft loss. It may be that rejection episodes are missed or diagnosed later because of the inability to use serum creatinine levels as a marker for rejection (since the kidney and pancreas grafts are from different donors). Some studies suggest that the immunologic problems that may have limited PAK transplantation may be ameliorated with newer immunosuppressive regimens leading to a reduction in the rejection rates [5] .
Timing of Pancreas Transplantation
The demand is much higher in the US for deceased donor kidneys, and therefore it is the need for a deceased donor kidney in an SPK that determines the waiting time. The waiting time varies due to local allocation policies but is, for most patients, more than 1 year. The median waiting time for PAK transplants is significantly lower. The current recommendation is to do the pancreas transplant as soon as the recipient adequately recovers from the kidney transplant operation and has stable renal function. This is especially important for regions with a long waiting time for an SPK. At least 50% of candidates waiting for SPK die while waiting for more than 4 years [6] . Using living kidney donors also allows for a preemptive transplant (before the patient needs to be on dialysis).
While most patients will be on dialysis at the time of transplant, in 22% of all simultaneous transplants the kidneys are transplanted preemptively [2] . Recipients of a preemptive SPK have better survival 8 years after transplantation when compared with those transplanted while already on dialysis [7] . Registry data also suggest that preemptive SPK is associated with improved kidney allograft survival compared to non-preemptive SPK [8] .
It is important to note that there is inconsistency in the literature regarding the relative benefit of SPK over living kidney alone transplant in patients with type 1 diabetes. This inconsistency reflects that it is difficult to fully control for baseline differences. Data suggest that SPK recipients with a functioning pancreas graft have superior survival compared with living kidney alone transplant [9] . Others found that SPK does not seem to grant a survival advantage compared with kidney transplant alone (KTA) from a living donor [10] . These conflicting data create challenges to the clinician in advising which option may be best for an individual patient with a potential living donor.
Recipient Criteria
The most common indication for pancreas transplantation is C-peptide-deficient type 1 diabetes mellitus. A small percentage of transplants, roughly 8%, have been in recipients with type 2 diabetes [11] . Rarely, the procedure has been performed in cases of abnormal exocrine function [12] . The considerations in patient selection entail criteria specific to the pancreas transplant and common to all potential recipients. This patient population is at high risk of cardiovascular complications. This is evident in the fact that 30% of asymptomatic patients with type 1 diabetes mellitus with end-stage renal failure will have substantial coronary artery stenosis on angiography [13] . Therefore, uncorrected cardiovascular dis- ease is the most common contraindication to pancreas transplantation. 15% of all pancreas transplant recipients are older than 50 years of age, and while these patients have a higher risk of postoperative complications, age per se is not considered to be an absolute contraindication [14] . However, a thorough cardiac workup often including coronary angiography is critical in this patient population.
Surgical Procedure
There are two major technical decisions to be made during pancreatic graft implantation -how to manage exocrine secretions and how to manage venous outflow. The two options in managing the exocrine secretions of the pancreas are the use of bladder drainage or enteric drainage, the latter is preferred by most centers. Enteric drainage is performed as a side-to-side duodenojejunostomy at 30-60 cm from the ligament of Treitz or as a Roux-en-Y anastomosis and carries the complication of an enteric leak.
A major theoretical advantage of bladder drainage is that it facilitates the detection of pancreas rejection by measuring urinary amylase levels and avoids an enteric anastomosis. Disadvantages are that exocrine drainage of the pancreas graft in the bladder is associated with the loss of large quantities of bicarbonate-rich pancreatic secretions in the urine, leading to metabolic acidosis and stone formation [2] . These complications frequently require enteric conversion.
Most pancreatic allografts have been transplanted using the iliac vasculature for inflow and outflow. Advantages of this approach include lower rates of allograft thrombosis and the ability to use either the bladder or intestine for drainage of exocrine secretions. This approach, however, results in peripheral hyperinsulinemia with portal hypoinsulinemia, because the first-pass effect of hepatic degradation is lost. The actual clinical impact of this peripheral hyperinsulinemia remains uncertain. Portal drainage is more physiologic, but the real clinical impact remains unproven and its use is sporadic and center-specific [2] .
Complications
Early postoperative complications include bleeding, infection, rejection, graft pancreatitis, duodenal leaks, and graft thrombosis. Early arterial or venous graft thrombosis can occur in as many as 5-10%, and is the most common early cause of loss of a pancreatic allograft [2, 15] . Liberal use of Doppler ultrasound imaging should be employed for any indication of early graft dysfunction.
Early duodenal segment leaks tend to result from technical complications or ischemia. Late duodenal leaks tend to be caused by rejection, infection, or ischemia of the duodenal staple line. Leaks do not result in an alteration of endocrine function, but present with elevated white blood cell counts, graft tenderness, fever, and can lead to a pancreaticocutaneous fistula or peripancreatic abscess [15] .
Intra-abdominal infections are much more common after pancreas transplantation than after kidney transplantation and represent a significant cause of mortality if inadequately treated [15] .
The overall incidence of posttransplant diabetes mellitus is 17%. Factors associated with the development of persistent diabetes mellitus after pancreas transplantation include high pretransplant BMI, high pretransplant daily insulin requirement and the occurrence of acute rejection [16] . Patients with posttransplant diabetes mellitus have normal to elevated C-peptide levels which may be secondary to exogenous weight gain or to the effects of immunosuppressants. It is important to perform pancreatic graft biopsies to distinguish between rejection, recurrence of type 1 diabetes mellitus, and the occurrence of type 2 diabetes mellitus.
Pancreas and Kidney Graft Survival
The best pancreas allograft survival rates, 86% at one year and 53% at 10 years, are achieved with SPK transplants. One-year graft survival rates for PAK and PTA are 77 and 81%, respectively, and 10-year rates were 35 and 26%, respectively ( fig. 1 ). Of note, one-year and 5-year survivals for solitary grafts continue to improve and will hopefully translate into improved mortality.
The unadjusted kidney graft survival for SPK transplants is the highest in SPK patients with functioning pancreas and is 72% at 7 years after transplantation compared with 60% SPK with subsequent loss of pancreas graft function [9] . These data are in agreement with a retrospective cohort study that found that SPK transplants were associated with improved kidney allograft survival versus kidney alone transplants [8] .
Patient Survival
Not unexpectedly, the patient survival is worse compared to waitlisted patients in the first 90 days after transplant, reflecting the stress of surgery; however, at 4 years after transplant, survival for SPK recipients far exceeds that of their waitlisted counterparts, and is no worse for PAK and PTA recipients. The most influential factors leading to patient mortality were shown to be graft failure and return to exogenous insulin [6] .
The patient survival rate of pancreas transplant recipients improved over the last several years and is now more than 95% at 1 year [14] . Whether the benefits of pancreas transplantation translate into increased survival is controversial. Most recent Scientific Renal Transplant Registry data showed that patient survival rates were similar for PAK, SPK, and PTA through the first 3 posttransplant years, but the 5-and 10-year patient survival rates were lower for PAK recipients: 65% at 10 years compared with 70 and 73% for SPK and PTA recipients, respectively.
SPK recipients can expect to live 15 years longer than type 1 diabetics on the wait list who do not receive a transplant. In addition, SPK recipients can expect to live 10 years longer than if they were to receive a KTA [17] . Therefore, pancreas transplantation is justified on the basis of the mortality data but depends on recipient age and preservation of pancreas function [6] .
Impact of Pancreas Transplantation on Vascular Disease, Neuropathy, and Quality of Life
Most data suggest that euglycemia can stop the progression of diabetic nephropathy, but these effects to show take up to 10 years. The benefits of euglycemia on kidney function might be underestimated as they are being counteracted by the nephrotoxic effects of the immunosuppressive drugs.
By 2 years after transplant, KTA recipients showed elevated creatinine and urine albumin levels compared with those in SPK recipients. Furthermore, biopsy data suggest that pancreas transplantation can prevent or reverse mild histologic changes of diabetic nephropathy [18, 19] . As mentioned earlier, data also suggest that improved diabetes control has beneficial effects on kidney allografts as SPK is associated with improved kidney allograft survival versus kidney alone transplants [8, 9] .
At least 75% of patients with type 1 diabetes develop retinopathy by 10 years, and a significant proportion will develop blindness [20] . Data suggest a regression of diabetic retinopathy in 43% of patients given SPK versus 23% given KTA. However, 50% of both groups showed no benefit, although follow-up was only one year [21] . The results of studies of diabetic retinopathy after pancreas transplantation are difficult to interpret, being confounded by small patient numbers, short follow-up and differing control groups. Its is clear that most benefits become apparent after few years [22] . Continued ophthalmic follow-up is necessary as some patients will still have progression of their disease.
In patients who underwent successful pancreas transplantation, neurologic evaluation demonstrated a general trend toward improvement in the motor and sensory nerve conduction studies at 1 year and in autonomic function at 5 years [23, 24] .
Quality of life is increasingly used to measure the success of an intervention such as transplantation. Quality of life studies in pancreas transplantation show improved perception about diabetes-specific issues such as satisfaction with diet flexibility and health management. The patient is relieved to be free from strict dietary restrictions, frequent blood sugar monitoring and insulin therapy [25] .
Rejection and Immunosuppression
Pancreas transplantation is associated with immunologic graft loss as a result of alloimmunity or autoimmune recurrence [26] . Even transplants between identical twins need immunosuppression to prevent autoimmune recurrence [27] . Pancreas rejection rates are about 5-25%, depending on the combination of immunosuppression that is used [12] . Because of the high prevalence of early pancreas rejection and the difficulty in its diagnosis, induction therapy (most commonly thymoglobulin) is routinely included in immunosuppressive protocols for pancreas transplant recipients [12] . Most centers use tacrolimus over cyclosporine as the preferred calcineurin inhibitor combined with mycophenolate mofetil and steroids. Comparison of cyclosporine with tacrolimus in combination with mycophenolate mofetil, and steroid plus induction with antithymocyte globulin showed a reduction in the rates of severe rejection with much lower rates of pancreas graft loss at 3 years in the tacrolimus group [28] .
To avoid insulin resistance, steroid-free regimen seems to be an attractive regimen in pancreas transplantation. An analysis of 200 consecutive SPK transplant patients who received tacrolimus and antibody induction and who were randomly assigned to either steroid therapy or avoidance, no significant differences were found in patient and graft survival and rejection rates [29] .
Pancreas allografts are monitored by laboratory tests that assess the adequacy of the endocrine and exocrine functions, and by radiologic techniques that determine blood flow into the graft. The specificity of these markers in establishing the diagnosis of acute rejection is suboptimal. Clinical features for the diagnosis of acute rejection, such as elevated serum amylase or lipase levels, 50% decrease in urinary amylase for bladder-drained grafts, unexplained fever, and hyperglycemia were associated with a positive predictive value of only 75%. Hyperglycemia can result from multiple etiologies, and is frequently a sign of late or severe acute rejection. Pancreas allograft biopsy is the gold standard for the diagnosis of acute rejection. Kidney biopsy, for easier accessibility, has been used as a surrogate for a pancreas biopsy in patients with an SPK transplant [28] .
Conclusion
An SPK with both organs from the same deceased donor is the most common transplant involving the pancreas. Because of the worldwide shortage of deceased donors, living-kidney donation should be encouraged for all patients with end-stage renal disease and diabetes irrespective of whether they need a pancreas. The long-term advantages of this surgical procedure have to be balanced against the potential morbidity and mortality associated with it, and the side effects from the long-term immunosuppression that is needed to prevent alloimmunity and autoimmune recurrence.
